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Abstract 
The envelope has the primary role to control heat gains, thus, the colours, materials and thicknesses of layers used on 
the facades collaborate on electric energy consumption of a building and therefore should be considered in the design. 
The main purpose of this article is the analysis, compared with real consumption data, of the influence of design 
decisions on the energy consumption of a non-residential building in the city of Belo Horizonte, Brazil. For the 
achievement of this project, it was necessary to identify commercial buildings types and their typical monthly energy 
consumption. A hybrid building was taken as a study case and results show that for this type of building equipment 
and architectural decisions may bring an average decrease of 32 % on energy consumption. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction
The first steps of establishing energy efficiency measures for buildings in Brazil were undertaken in 2001, when
there was a crisis in the electric energy sector which was deflagrated by a nationwide blackout. Until then, most energy 
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efficiency measures were directed towards the industrial sector and towards labeling the energy efficiency of house 
equipment. During the last two years, Brazil’s three most populous states have been experiencing an extended drought 
period - the worst since 1930 - requiring the region to decrease water consumption by 30% as of January 2015. The 
drought has also impacted energy supplies, reducing generation from the hydroelectric dams that are responsible for 
80 % of Brazil´s electric energy generation. 
The electric energy consumption in commercial buildings is expected to increase annually by 5.8 % during the 
period of 2012-2022 [1], energy efficiency can slow this growth. One of the governmental actions taken to evaluate 
energy consumption in buildings was the 2009 publication of the Technical Requirements of Quality for Energy 
Efficiency Level of Commercial, Public and Services Buildings, RTQ-C. This voluntary Requirement aims “to create 
conditions to the labelling of the energy efficiency level of commercial, public and service buildings” [2]. The labelling 
of such buildings includes the evaluation of requisites related to the building envelope, lighting system and the energy 
efficiency of the air conditioning system – each allotted weights of 30 %, 30 % and 40 % respectively in the final 
building classification [2]. These measures indicate the priority the RTQ-C gives to the thermal balance of the building 
as the evaluation of the envelope and of the air conditioning system are responsible to 70 % of the total value given. 
Nomenclature 
RTQ-C Technical Requirements of Quality for Energy Efficiency Level of Commercial, Public and 
Services Buildings 
CBCS Brazilin Council of Sustainable Construction 
CEMIG Electric Company of Minas Gerais State 
IPTU Municipal tax information 
2. Energy consumption in commercial buildings
Some studies show that energy efficiency measures are cost effective and efficient for saving energy. Efficiency
improvement is proven to be the most cost-effective, short-term option with multiple benefits including reducing 
adverse environmental and health impacts, alleviating poverty, enhancing energy security as well as flexibility in 
selecting energy supply options, and creating both employment and economic opportunities [3, 4].  
Thermal energetic computer simulations have been widely used to evaluate the energy efficiency of a building. 
Although the simulation approach can be valuable in that it reveals the ideal behaviour of a building or its behaviour 
with standardized weather and operating conditions, it cannot completely predict the actual energy consumption of a 
building [5]. Despite this, the simulations allow the predicted performance of the buildings to be compared to building 
standards, thereby leading to alternative design decisions and consequently improved performance.  
According to Mascaró and Mascaró, a good architectural design should include energy performance analysis, 
because each decision taken during the design process can influence the thermal and luminous performance of a 
building. Therefore, it is important that the designer understands which variables influence the energy performance of 
their design. The interactions between the design and decision makers should be defined so that the architectural 
responses matrix can produce integrated solutions [6]. 
3. Factors that influence building energy consumption
The energy efficiency of a building is comprised of several interacting factors such as the building design, climate
conditions, building use, and energy systems among others [5]. Each of these factors should be carefully investigated 
in order to establish if there is an opportunity for energy savings making the building more efficient. The influence of 
some of these factors in building energy efficiency is outlined below: 
• Climate – Temperature and Pluviosity: the climate characteristics can influence the energy consumption of a
building and to minimize this influence, architecture should be able to offer indoor conditions compatible with the
users thermal comfort, independently from the external conditions [7, 8, 9];
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• Occupancy: Users are an important factor in the energy consumption of a building and possible as much important
in the energy demand of the building [10,11, 12];
• Mechanical and electric systems: the real energy saving of a building greatly depends on the energy management
resources and the integration of electrical and mechanical systems [13,14, 15];
• Building envelope: building energy consumption is related to the heat gains or losses through the building envelope,
that associated with internal heat gains due to occupation lighting and equipment, will result in the demand of the
air conditioning systems and also on the use of electric lighting [16,17]
4. Benchmarking
An overall objective of energy policy in buildings is to decrease energy consumption without compromising
comfort, health and productivity levels [3]. In consideration of this, the benchmarking of energy efficiency is used to 
promote the use efficient of energy. Benchmarking models developed from energy-efficiency indicators are valuable 
tools for managing energy consumption in both the public and the private sectors.  Benchmarking is a process during 
which the energy use of a building is compared to the energy use of a group of building with similar characteristics, 
analyzing the way energy use varies within an established range. It thus allows the identification of the cost 
effectiveness of energy saving measures and makes it easy for the building industry to seek continuous improvements 
in the establishment of energy conservation goals for the buildings [18, 19]. 
In Brazil, a first benchmarking initiative was done with bank agencies. The study developed by the Brazilin Council 
of Sustainable Construction (CBCS) created a benchmarking methodology through lineal regression analysis using 
electric energy consumption data, energy audits, and climate corrections [20], thereby giving Brazil a basis for other 
areas of national benchmarking. 
5. Identification of commercial building in Belo Horizonte
In 2014, the CEMIG released three years of monthly energy consumption data to 100 commercial buildings energy
consumption located in the city of Belo Horizonte, Brazil. This data was used to establish mean energy consumption 
values for each building after the floor area was determined using areas given in the municipal tax information (IPTU), 
thereby allowing the estimation of energy use per floor area of these buildings. 
After a field survey, the buildings were divided in three categories: fully air conditioned buildings with central 
cooling (CC), hybrid buildings with split or window conditioning systems (CS), and naturally conditioned buildings 
(CN). Fig. 1 shows the minimum, maximum and average energy consumption per floor area of these categories. 
Fig. 1. minimum, maximum and average energy consumption by categories 
Natural ventilated buildings result in the least dispersion energy consumption per square meter. The mean electric 
energy consumption per square meter of buildings with central air conditioning is 76 % higher than in natural 
ventilated buildings, and 36 % higher than the mean consumption of hybrid buildings. Data shows that the design 
decision of the air conditioning type in buildings greatly influences in the energy consumption of a building. 
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The field study also collected data about: mean walls absorptance, window to wall ratio, the presence of bank 
agencies, and the presence and type of solar shading. From this data, it was possible to verify that (a) building with 
wall absorptance over 70 %, consume 57 % more energy per square meter than buildings with wall absorptance 
inferior to 40 %; (b) buildings with bank agencies consume 55 % more energy per square meter than buildings without 
them; (c) buildings with window to wall ratio greater than to 50 % consume 50 % more energy per square meter than 
building with fewer area openings; (d) building with glass walls consume 54 % more energy per square meter than 
buildings with windows and walls in the facades. Solar shading was present in only 19 % of the buildings.  
6. Study case of a typical hybrid building - building characteristics
Once it was shown that hybrid buildings can consume 36 % less energy per square meter than fully central
conditioned buildings, and that air conditioning is common in the city because of the increasing the temperature of 
the heat season, a building was chosen as a case study in order to study the typology. The study case is an 11 floors 
building with 66 office spaces of roughly 28 m2 each, located in Belo Horizonte, Brazil (19° 49' 01" S latitude and 
43° 57' 21" O longitude). The gross building area is 2640 m² and the window-to-wall ratio is 30 %. After a field 
survey, it was shown that each office was occupied by two persons working from 8:00 am to 19:00 pm. The ceiling 
height is 2.80 m. The actual building presents 22 % of office area is conditioned by split systems.  
The building has natural ventilation in some offices and artificial air conditioning in others. The air conditioning 
system used is of a split type with a medium COP of 2.8. For the non-conditioned offices, windows open from 8:00 
am to 7:00 pm and in the air-conditioned offices, the air conditioning system operates only when external temperatures 
reach 28 ºC. For the simulation, the built volume with internal partitions and outside openings was designed and 
described in terms of materials as well as its thermal characteristics, use, dimensions, installed power densities for 
lighting and equipment, geographic orientation of the construction and the existing external shading elements, working 
hours,  usage intensity of equipment and lighting facilities, air conditioning system data, and more. 
Belo Horizonte has a temperate climate with mild winter according to Köppen’s climate classification. Winter 
temperatures range from 18 °C - 22 °C. Thermal amplitudes vary from 10 °C in summer to 11.5 °C in winter. Annual 
relative humidity is 72.2 %.  The climate file used with hourly meteorological data for Belo Horizonte was obtained 
at U.S. Department of Energy – Energy Efficiency & Renewable Energy (www.eere.energy.gov/buildings/energyplus/ 
weatherdata). 
7. Simulations
After the study case was chosen, four scenarios were created for the building electric energy consumption
simulation using EnergyPlus 7.2 in order to evaluate the influence of the growing number of air conditioning systems 
in office buildings in the city of Belo Horizonte and to analyze the weight of other design decisions in the building 
consumption.  
Scenario 1 – comparison of energy consumption of the simulated building and energy consumption data; 
Scenario 2 – split systems installed in all offices; 
Scenario 3 – air conditioning systems were updated to represent systems with the minimum COP for a split system 
to have an A in the Brazilian energy efficiency labeling, lamps were changes to LED and elevators were updated to 
better performance levels; 
Scenario 4 - architectonic parameters were altered in order to enhance energy performance of the building, with 
lighter colors, and roof insulation. 
8. Results and discussions
8.1. Scenario 1 Comparison of simulated building consumption and actual consumption data 
The energy consumption information for scenario 1 was obtained from the State Electric Company CEMIG. In this 
scenario, 80 % of the energy was devoted to the lighting system and equipment. The simulated building presented  a 
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9 % higher consumption than the average consumption data obtained. This difference is likely due to differences in 
use hours. This scenario is shown in Fig. 2. 
8.2. Scenario 2 – Split systems installed in all offices 
To reflect the city’s climate becoming hotter, this scenario proposes that all offices will use split systems whenever 
internal temperature goes over 28 oC during working hours. The split systems implemented in this stage have the same 
COP adopted in scenario 1. Here, there was a medium increase of 221 % in electric energy consumption, going as 
high as 268 % in the hotter months. 
Before this modification, this building consumed 22 % less energy than the medium consumption in this category. 
After the modification, building showed 58 % higher electric energy consumption than the original medium. This 
scenario is shown in Fig. 2.  
8.3. Scenario 3 – Evaluation of Scenario 2 with increase in energy performance of equipment and air conditioning 
In this scenario, the split system COP was changed from 2.90  to 3.23; the lighting system showed a decrease of 
20% in power per square meter, this result was considered the substitution all lamps to LED; and modifying elevators 
to be gearless and use VVVF Regen (variable-voltage, variable-frequency) – conditions that use 33%  less energy 
than a conventional elevator. After the simulation, energy consumption decreased by 10 % when compared to Scenario 
2, marking an increase of 202 % the scenario 1 value. Overall, the scenario 3 building consumed 33% more than the 
medium consumption of the hybrid buildings. This scenario is shown in Fig. 2. 
8.4. Scenario 4 - Alteration of architectonic parameters 
This scenario included the modifications in scenario 3, but added solar shading to the building’s southeast and 
northeast facades according to the dimensioning proposed in [21], the clear glazing (SC = 0.87) was substituted by a 
glazing with solar control (SC= 0.65), the walls and roof were coated in a 0.20 solar absorptance paint, and roof 
insulation was changed to U= 0.90 W/(m²k). 
After these modifications were implemented, the electric energy consumption decreased by 25 % from scenario 3 
and by 35 % from Scenario 2. Fig. 2 shows the results of the four scenarios. Thus, scenario 4 results in a medium 
consumption closer to the medium energy consumption of the hybrid buildings category, with an 8 % higher 
consumption than the media. 
Fig. 2. annual consumption of the building in the scenarios 
9. Conclusions
This work presented energy consumption data of office buildings located in Belo Horizonte, showing that hybrid
buildings consume much less energy than buildings with central air conditioning systems and can provide thermal 
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comfort in hotter days where naturally ventilated buildings cannot. It also showed the possible impacts of climate 
change in the hybrid buildings consumption and the possibilities of minimizing this impact with design decisions and 
equipment change.  
The increase in energy consumption on hotter days can be extremely significant, but changes in the building design 
conception and in equipment specification this can help prevent energy supply problems. 
It was showed with the case study, energy consumption can increase in 220 % with the implementation of air 
conditioning systems in offices that before were naturally ventilated. With the implementation of energy efficient 
equipment, this value can be reduced in 10 %, and an even more climate responsible design can reduce this value by 
25 % - more than if equipment is substituted - showing the importance  of architectural design decisions.  
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